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According to the second European consensus
document on critical limb ischemia, patients who
have chronic critical leg ischemia have a high risk of
amputation (approximately 25%) within 1 year,
despite optimal therapy.1 In the United States, the
incidence of amputations for ischemic disease was
estimated to be 250 per million per year2,3 and 3900
per million per year in patients with diabetes melli-
tus,3 whereas about 150,000 patients per year have
critical limb ischemia.4 The treatment of choice is a
vascular reconstruction and/or percutaneous angio-
plasty as a limb salvage procedure. However, there
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Purpose: We investigated the usefulness of skin microcirculatory investigations to predict
imminent major amputation in patients with non-reconstructible critical limb ischemia.
Methods: One hundred eleven patients with non-reconstructible chronic rest pain or
small ulcers and an ankle blood pressure of 50 mm Hg or less or an ankle-to-brachial
pressure index of 0.35 or less were included. Nailfold capillary microscopy (CM; big toe,
sitting), transcutaneous oxygen pressure (TcpO2; forefoot, supine; 44°C), and laser
Doppler perfusion measurements (LD; pulp of big toe, supine) were performed at rest
and during reactive hyperemia. Patients were classified according to their skin microcir-
culatory status just before the start of the treatment in three groups: those with a
“good,” “intermediate,” or “poor” microcirculation, according to a combination of pre-
defined cutoff values (Poor: capillary density less than 20/mm2, absent reactive hyper-
emia in CM and LD, TcpO2 less than 10 mm Hg; good: capillary density of 20/mm2 or
more, present reactive hyperemia in CM and LD, TcpO2 of 30 mm Hg or more).
Subsequently, patients received maximum conservative therapy from the surgeon, who
was unaware of the microcirculatory results. After a follow-up period of as long as 36
months, limb survival and disposing factors were analyzed and compared with the ini-
tial microcirculatory status.
Results: Cox regression analysis showed a significant prognostic value of the microcircu-
latory classification (hazard ratio = 0.28, P < .0001), but not of the Fontaine stage,
ankle blood pressure, or the presence of diabetes mellitus for the occurrence of an ampu-
tation. Positive and negative predictive values were 73% and 67%, respectively. The
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latory group, 80% and 63% in the intermediate microcirculatory group, and 88% and
88% in the good microcirculatory group (P < .0001, log-rank).
Conclusion: Microcirculatory screening and classification is useful in detecting non-
reconstructible critical ischemia that requires amputation, which is not detectable by
means of the clinical stage or blood pressure parameters. Most of the poor patient group
will require amputation. In the intermediate and good groups, nonsurgical treatment
appears sufficient for limb salvage. (J Vasc Surg 1999;30:114-21.)
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are a considerable number of patients (40%) in
whom no reopening procedures can be performed.
About half of these patients are treated with a pri-
mary amputation, the other half with nonsurgical
treatment.1
The decision to amputate is mainly based on 
the patient’s clinical condition (intolerable pain,
intractable infection, major tissue loss, concomitant
diseases). Objective criteria, such as routine Doppler
systolic pressure measurements at the ankle, were
found to be not useful in making the proper decision
about amputation.5-8 The assessment of skin micro-
circulatory parameters may be of more value,9-11
because these parameters are more suited to obtain
information about skin viability and wound healing
capacity.12,13 Skin perfusion parameters, for exam-
ple, were found to be helpful in assessing the ampu-
tation level.14,15 Most of the studies performed so
far, however, were retrospective and included
patients at different stages of ischemia or patients
with ischemia of different etiology, thus inducing a
confusing heterogeneity, and they lacked predefined
cutoff values. 
In 1992, a multicenter prospective randomized
controlled study was started in the Netherlands to
assess the potential benefit of spinal cord stimulation
in patients with non-reconstructible critical leg
ischemia.16 In this study, skin microcirculation was
assessed, and patients were classified according to
their microcirculatory status on the basis of prede-
fined microcirculatory criteria for critical ischemia
just before the start of the treatment. In this popu-
lation, we evaluated the usefulness of microcircula-
tory parameters in predicting imminent amputation
by correlating these parameters with the patient’s
clinical outcome.
PATIENTS AND METHODS
Patients. One hundred eleven patients with
chronic critical leg ischemia were investigated prospec-
tively. The study was performed in 17 Dutch hospitals
and was approved by their medical ethical committees.
Patients were included on the basis of clinical assess-
ment, aided by knowledge of the Doppler systolic
ankle blood pressures, ie, when they had critical limb
ischemia (rest pain or ulceration/gangrene; Fontaine
stages III or IV, Society for Vascular Surgery/
International Society for Cardiovascular Surgery cate-
gories 4 or 517) and had an ankle blood pressure of 50
mm Hg or less or an ankle/brachial pressure index
(ABI) of 0.35 or less1,18 and in whom a meaningful
vascular reconstruction was not possible. These blood
pressure cutoff values were applied to both patient cat-
egories to stay in concert with the European consen-
sus of the definition of chronic critical ischemia. Toe
blood pressures were not performed as a routine in all
contributing centers. Moreover, not all laboratories
were equipped with toe pressure and/or transcuta-
neous oxygen pressure (TcpO2) measuring tech-
niques, and thus, in this multicenter study, only the
ankle pressure was used as a uniform selection criteri-
on. Non-reconstructibility was defined as the absence
of all three crural arteries by means of a selective
angiogram (visualizing the crural and the pedal arter-
ies) or the absence of a suitable autologous vein for
distal bypass grafting surgery. The inclusion and exclu-
sion criteria are summarized in Table I.
Treatment. Treatment of the patients consisted
of optimal conservative medical treatment, including
analgesics, anticoagulants, vasoactive agents, local
wound care, and antibiotics when indicated. Other
treatments, such as prostaglandins or (chemical)
sympathectomy, were also allowed. Half the patients
received additional spinal cord stimulation, which
did not alter the need for amputation. These data
will be published elsewhere. Treatment started when
inclusion criteria were met and baseline skin micro-
circulation was assessed.
Follow-up. At the start of the treatment, the
treating surgeon made an estimation of the expect-
ed limb survival to assess the value of the patient’s
clinical status in the prediction of an imminent
amputation. Follow-up examinations (including
Table I. Inclusion and exclusion criteria
Inclusion criteria:
Chronic critical ischemia of one of the lower limbs in
patients in whom a meaningful vascular reconstructive
procedure is considered not to be possible:
• Persistent rest pain for at least 2 weeks, being treated
with analgesics, and/or ulceration or gangrene of foot
or toes.
• Doppler ankle systolic pressure of 50 mm Hg or less or
ankle/brachial pressure index of 0.35 or less. For
patients with diabetes mellitus and incompressible ankle
arteries: absence of arterial ankle pulsations.
Patient informed consent.
Exclusion criteria:
• Vascular disorders other than atherosclerotic disease.
• No rest pain (eg, only intermittent claudication) and
no gangrene or ulceration.
• Ulceration deeper than the fascia or with a largest
diameter of more than 3 cm.
• Intractable infection of ulceration or gangrene necessi-
tating primary amputation.
• Bilateral critical ischemia.
• Neoplastic or other concomitant disease restricting life
expectancy to less than 1 year.
• Psychosocial incompetence of the patient to satisfy the
follow-up schedule.
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clinical examination, Doppler systolic pressure, and
microcirculatory measurements) were performed at
1, 3, 6, 12, and 18 months after inclusion and at the
end of the trial. The endpoint of the study was a
major amputation of the affected limb (ie, Symes
amputation, the whole foot or more). Patients who
died before the end of the follow-up period were
censored in life table projections.
Microcirculatory investigations. The noninva-
sive skin microcirculatory investigations (capillary
microscopy [CM], transcutaneous oxygen pressure
[TcpO2], and laser Doppler perfusion measurements
[LDP]) were performed by a single, experienced
investigator in a minivan, by which the mobile equip-
ment was transported and taken into the ward or
outpatient clinic of the hospitals involved. The exam-
ination of one patient by means of the three tech-
niques took 50 minutes, after a standard acclimatiza-
tion period of 15 minutes. First, CM was performed
in the sitting position, followed by the other two
examinations in the supine position. These tech-
niques, including their reproducibility, have been
described in detail before.8,19
CM enables visualization of the nailfold capillar-
ies of the big toe in the sitting position and provides
information about capillary morphology (Density, in
n/mm2 of nailfold skin) and erythrocyte velocity at
rest (Restv, in m m/s) and during reactive hyperemia
(Peakv, in m m/s) after a 1-minute arterial occlusion
by inflating a cuff around the ankle. This technique
yields information exclusively about skin nutritive
perfusion. Images were recorded on videotape for
off-line analysis.
TcpO2 measurements enable the assessment of
skin oxygen supply from the superficial vessels.
Measurements were performed on the dorsum of
the foot, at an electrode temperature of 44°C, at rest
(RestpO2 in mm Hg), and after a 3-minute arterial
occlusion (PeakpO2, in mm Hg).
LDP measurements on the pulp of the great toe
give information about total skin perfusion, includ-
ing capillaries, deeper vessels, and arteriolovenular
anastomoses, which are mainly involved in ther-
moregulation. The reactive hyperemia response after
a 3-minute arterial occlusion was measured (Peak
minus Rest LDP, in arbitrary units [AU]) to assess
the reserve capacity of skin blood supply, because the
variability of LDP in resting conditions is known to
be substantial. TcpO2 and LDP were performed
while the patient was in the supine position, which
improves discriminative power.8 The TcpO2 and
LDP data obtained were stored on recording paper
for off-line analysis. In case the patient had under-
gone a minor amputation (big toe, transmetatarsal),
measurements were performed just proximal to the
amputation level.
Off-line analysis of the microcirculatory data
obtained (video images and paper recordings) can be
done immediately, but was performed in this study
at least 6 months after each investigation, without
knowledge of the patient’s identity and condition to
avoid bias caused by recognition of the recordings.
The microcirculatory status of the patient’s ischemic
foot was classified according to the microcirculatory
findings at the first visit (just before the start of the
treatment) in three categories: those with a “poor,”
an “intermediate,” and a “good” microcirculatory
perfusion. These categories were defined on the
basis of microcirculatory criteria to detect critical
ischemia, as derived from previous studies.8,19 The
criteria for this categorization are shown in Table II.
The patient’s surgeon was kept unaware of the
microcirculatory results.
RESULTS
Patients. From November 1991 to May 1994,
111 patients with non-reconstructible chronic criti-
Table II. Microcirculatory categories of skin per-
fusion
Poor:
When complying to the criteria of all three techniques:
• Capillary microscopy:
• Low capillary density (Density < 20/mm2†), or
• No reactive hyperemia (Peakv - Restv ≤ 0 m m/s†), or
• Low peak erythrocyte velocity (Peakv < 50 m m/s*)
• TcpO2:
• Poor skin oxygenation (RestpO2 and PeakpO2 < 10
mm Hg)
• Laser Doppler Perfusion:
• No reactive hyperemic response (Peak - Rest LDP ≤
3 AU*)
Intermediate:
When the criteria of both other categories were not met, ie:
• Rest or PeakpO2 between 10 and 30 mm Hg, or
• The results of the different techniques fit into different
categories
Good:
When complying to the criteria of all three techniques:
• Capillary microscopy:
• Normal capillary density (Density ‡ 20/mm2†), and 
• Present reactive hyperemia (Peakv - Restv > 0
m m/s†), and
• Normal peak erythrocyte velocity (Peakv ‡ 50 m m/s
• TcpO2:
• Good skin oxygenation (RestpO2 and PeakpO2 ‡ 30
mm Hg*)
• Laser Doppler perfusion:
• Present reactive hyperemic response (Peak -
RestLDP > 3 AU*)
*Reference 8. 
†Reference 19.
JOURNAL OF VASCULAR SURGERY
Volume 30, Number 1 Ubbink et al 117
cal limb ischemia consented to participate in the
study. Of the patients included, 42 (38%) had rest
pain, and 69 (62%) had tissue loss. Forty-one
patients (37%) had diabetes mellitus. Patient intake
data are presented in Table III. The limb survival as
estimated by the treating surgeon on the basis of the
patient’s clinical status was poorly correlated with
the eventual true limb survival (Fig 1). The sur-
geon’s prediction usually underestimated true limb
survival. Only in four patients did the surgeon esti-
mate the patient would not undergo amputation
during the follow-up period, whereas 57 patients did
not undergo an amputation within 18 months.
During the follow-up period, 49 patients (44%)
underwent a major amputation.
Macrocirculation. No significant contribution
of the Fontaine stage, Doppler systolic pressure at
the ankle, ankle/brachial index, presence of diabetes
mellitus, or treatment with spinal cord stimulation as
to the occurrence of an amputation during the fol-
low-up period was shown by means of Cox regres-
sion analysis. Mean ABI and ankle pressures did not
differ significantly between patients who underwent
an amputation during the follow-up period (0.22
and 34 mm Hg; P = .14) and those who did not
(0.27 and 43 mm Hg; P = .18).
Microcirculation. The microcirculatory data of
two patients were excluded from evaluation, because
the patients underwent a vascular reconstruction dur-
ing the follow-up period. Microcirculatory investiga-
tion could be performed in all patients at each follow-
up examination until they died, underwent major
amputation, or the end of the study was reached. CM
could not be performed in 16 (15%) patients because
of amputation or ulceration of the big toe. In these
patients, only LDP and TcpO2 measurements were
performed to categorize the patients. In patients
undergoing an amputation during the follow-up peri-
od, all skin microcirculation parameters at T = 0 and
at the last follow-up examination before amputation
were significantly worse, compared with patients who
did not undergo amputation at T = 0 (Table IV). At
the last follow-up examination before amputation, the
microcirculatory parameters in patients who under-
went amputation were not different from those at T =
0 (data not shown).
Application of the microcirculatory categorization
yielded 30 patients with poor skin microcirculation,
63 with intermediate skin microcirculation, and 16
with good skin microcirculation. The prevalence of
diabetes mellitus in the three microcirculatory groups
was not significantly different (Kruskall-Wallis test):
poor = 10 (33%), intermediate = 25 (40%), and good
= 8 (50%). Also, no differences among the groups
were found in mean Doppler systolic ankle pressure
(40, 40, and 33 mm Hg, respectively), ABI (0.26,
0.25, and 0.20, respectively), sex, age, or Fontaine
stage. Table V shows the incidence of amputations
after 6, 12, and 18 months of follow-up, which was
significantly higher in the poor microcirculatory
group than in both other microcirculatory groups (P
< .001, Mann-Whitney). Limb survival, according to
the Kaplan-Meier method for each microcirculatory
group, is shown in Fig 2. The cumulative limb sur-
vival at 6 and 12 months was 26% and 15% in the poor
group, 80% and 63% in the intermediate group, and
88% and 88% in the good group, respectively. Mean
survival time before amputation was 213 days for the
Table III. Patient intake data
Age (years)* 79 (38 to 93)
Sex (male/female) 65/46
Fontaine stage (3/4) 42/69
Diabetes mellitus 41
Ankle pressure (mm Hg)* 44 (0 to 76)
Ankle/brachial index* 0.26 (0 to 0.56)
Incompressible ankle arteries 27 (of which 19 had 
diabetes mellitus)
*Shown as median values and ranges.
Fig 1. Scatter plot of the time to major amputation
against the time estimated at T = 0 by the treating surgeon
in patients undergoing an amputation during the follow-
up period.
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poor group, 700 days for the intermediate group, and
820 days for the good group. Limb survival in the
poor group was significantly lower than in the two
other groups combined (P < .001; log-rank). The
microcirculatory classification had a significant prog-
nostic value for amputation (Cox regression: hazard
ratio = 0.28; P < .0001).
The predictive values, sensitivity, specificity, and
accuracy of the various (combinations of) parameters
are presented in Table VI, illustrating that the com-
bination of all microcirculatory parameters at base-
line as applied in this study offers the highest predic-
tive value (73%) for the occurrence of an amputation
(likelihood ratio for amputation = 3.5), as well as the
highest specificity (87%), compared with the values
when only one of the three techniques was used.
DISCUSSION
This is the first prospective study showing that
the assessment of foot skin microcirculation in
patients with non-reconstructible critical ischemia of
the leg is an important and valuable tool in predict-
ing which patients will and which patients will not
require an amputation in the near future, despite
optimal medical treatment and choosing the most
suitable therapy with the cutoff values applied. In
patients with a poor skin microcirculation, as illus-
trated by a low skin capillary density (less than
20/mm2), a poor skin oxygenation (less than 10
mm Hg), and exhausted hyperemic reserve capacity,
skin and, thus, leg viability is so threatened that a
primary amputation appears unavoidable. In patients
with an intermediate or good microcirculation,
amputation is inappropriate and any non-recon-
structive treatment can and should be applied to
offer a fair chance of limb salvage.
Clinical and Doppler systolic pressure parameters
were found to be unable to predict an imminent
amputation, because all patients met these criteria,
whereas only 44% of the patients underwent ampu-
tation. This is in accordance with previous observa-
tions,20 showing that the European consensus crite-
ria, especially Doppler systolic pressure at the ankle,
are poor discriminators of critical limb ischemia
requiring intervention. The more recent North
American reporting standards,17 which define differ-
Table IV. Microcirculatory results (expressed as medians and obtained at T = 0 and at the last follow-up
visit before amputation) in patients who did and did not undergo an amputation during the follow-up peri-
od
Amputated Not amputated Amputated
Parameters (before amputation) P value* (at T = 0) P value* (at T = 0)
Capillary microscopy
Density (n/mm2) 26 < .005 37 < .05 27
Restv (m m/s) 37 <.005 66 < .005 38
Peakv (m m/s) 40 < .001 90 < .001 51
Peakv-Restv (m m/s) 0 < .05 9 < .05 1
Transcutaneous oximetry
RestpO2 2 < .001 19 < .005 2
PeakpO2 2 < .001 25 < .005 2
Laser Doppler perfusion
Rest LDP (AU) 2 < .001 12 < .001 2
Peak LDP (AU) 4 < .001 19 < .001 3
Peak-Rest LDP (AU) 1 < .001 6 < .001 0.5
*Mann-Whitney test.
Restv, erythrocyte velocity at rest; Peakv, erythrocyte velocity during reactive hyperemia; LDP, laser Doppler perfusion.
Table V. Amputation frequency after 6, 12, and 18 months for each microcirculatory category
Microcirculatory
6 months 12 months 18 months
assessment at T = 0 N N % N % N %
Poor 30 20 67 24 80 24 80
Intermediate 63 12 19 12 33 22 35
Good 16 2 13 2 13 3 19
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ent cutoff values for rest pain and ulceration, may be
more discriminating, because the healing of an
ischemic ulcer requires a higher perfusion pressure
than the mere elimination of rest pain. Hence,
amputation risk is different between patients with
and without an ischemic ulcer, despite similar ankle
pressures. The addition of toe blood pressure and
TcpO2 measurements were found to improve this
discrimination, indicating that microcirculatory
parameters may be more suited to grade the severity
of the disease.20 The usefulness of TcpO2 measure-
ments in the treatment of patients with non-recon-
structible ischemia was also shown in a recent study
by Gersbach et al.21
The decision in the individual patient whether it
is wise to try or continue conservative treatment or
to perform a (primary) amputation is not in the least
determined by the patient’s general condition, pain
tolerance, progression of tissue loss, infection, etc. In
this decision, however, microcirculatory investiga-
tion and classification is of value, because all these
patients with non-reconstructible leg ischemia faced
an ultimate amputation on the basis of clinical and
pressure parameters. In the present study, the micro-
circulatory classification in three groups was applied
prospectively, based on previous data.8,19 In retro-
spect, the intermediate and the good group could
have been combined. Nevertheless, patients with a
poor microcirculation had a significantly higher
amputation rate, compared with those in the inter-
mediate or good category. Thus, when a patient is
classified as having a poor skin microcirculation, 
he will likely undergo an amputation within 18
months. On the other hand, an intermediate or good
skin microcirculation, which was the case in most
patients, indicates a low risk of a future amputation,
and amputation should therefore be avoided by
intense conservative therapy.
In this study, a combination of three microcircu-
latory techniques, each providing information about
different skin perfusion entities, were applied to
establish which technique or parameter would be
most predictive for the occurrence of an amputation.
The combination of all three techniques showed the
highest specificity (87%), but a rather low sensitivity
(46%). CM could predict amputation in 86% of the
cases, because it specifically measures (disturbances
in) nutritive perfusion governing limb viability. The
Fig 2. Cumulative limb survival in the three microcirculatory categories. A dotted line indi-
cates a standard error more than 10%. The numbers per category indicate the number of
patients at risk.
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TcpO2 measures differentiated all three groups, was
the easiest measurement to perform, and can be
applied without the need of provocation maneuvers.
Hence, one of those two methods may be eligible as
a stand-alone technique.
On the other hand, eight patients who were
“false-positive” on the basis of the microcirculatory
classification would have undergone a premature
amputation. This may be because capillary micro-
scopic and laser Doppler parameters were measured
only in the big toe, whereas critical ischemia may be
patchy. Moreover, because the microcirculatory cri-
teria used in this study were derived from studies
assessing the presence of critical ischemia, which is
not synonymous with the risk of amputation, adap-
tation of the cutoff values may be useful. For
instance, applying a TcpO2 cutoff value of 15 mm
Hg instead of 10 mm Hg, as derived from a receiv-
er operating characteristic analysis, increases the
predictive value of this parameter and its combina-
tions: the TcpO2 measurement’s sensitivity, speci-
ficity, and accuracy would be 69%, 63%, and 66%,
respectively, and positive predictive value and nega-
tive predictive value 60% and 72%, respectively. The
diagnostic value of the combination of parameters
would become 56%, 85%, 72%, 75%, and 71%,
respectively. 
In conclusion, this study shows that microcircu-
latory investigations are of additional usefulness in
patients with non-reconstructible critical limb
ischemia to assess the risk of future amputation and
the required therapy, which is impossible with only
clinical and Doppler pressure parameters.
We thank Medtronic for providing the microcirculato-
ry equipment used in this study.
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